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AB- PROBLEM TO BE SOLVED: To lower the working voltage while preventing 
deterioration of characteristics by providing at least one clad layer 
with a lean impurity region and an impurity added layer and arranging 
the lean impurity region on the side close to an active layer 
SOLUTION: A multiple quantum well active layer 105 comprises three 
AlGaAs quantum well active layers 120 and two AlGaAs quantum barrier 
layers (barrier layers) 12f being grown such that the barrier layer 
121 is sandwiched by the quantum well active layers 120. A first 
optical guide layer 104 is formed by growing an impurity added layer 
and an impurity unadded layer from the n-type first clad layer 103 
side. A second optical guide layer 106 is formed by growing an 
impurity unadded layer and an impurity added layer from the active 
layer 105 side. This structure can reduce working voltage, working 
current and element resistance. COPYRIGHT: (C)1999 r IPO 
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mm&tlX^h. p-W,29y-vm2 0 1 
Xb5-fr2O9S15^-c7)±t;{±p-Ga 0 . 5 I n 0 . 5 P^f 
-r -yrJ!2 0 8A9Bj£;5ivO*S . -^y •/ ifAYyl 
720 9 *>jBiffl£«tf>Str X 3 1 P -85 2 ? 7 -y HJf 2 
0 7^ffla&±Cn-GaAs«8BKfflC.£tf>JB2 1 0 
**»»tfe*lTV^5 . *tf)_L£* •/ TJB 2 0 8&I/m« 
*HJtift»2 1 0<Oltfcfcotpl«i2 1 2#k 
ttWi. SK2 0 lO^^Bfilc^fflkKMPJOBm 
n£«S2 1 l*<l!ytMvOV5. 

[0075] ^^mw^-^mTii. mummx 

[0076] n-GaAslI20 l±£MOC 

VDat-iO. n-Ga 0 .5ln 0 . 5 PA'77Ti2O 
2. n— (Al 07 Ga 0 . 3 ) 0i5 I n 05 PHI ?5vK 
Jf203 (Jf/fl. 5jumK (Al 0 . v Ga 0 . 3 ) o.5 
Infl. 5 PJ&2tt#>rK«2 04. y^h'-T^MM^ 
#FvS'l±12 0 5. ( A l 0 . 7 Ga 0 . 3 ) o.5 I n 0 . 6 Pm 
23tXT^ HW2 0 6, p-(AI ) .,Ga 0 . 3 ),. 5 In 
fl . 5 P»2^9-/HJf207 (Jlffl. 5/zm)St>'p 
-Ga 0 . 5 I n 0 . B Pdf-v •y7 , il208 («J?0. 3^ 
m) *JSS-f4. 

[ 0 0 7 7 ] ^aS^#FvS'l4i!2 0 5«. H 

6H*-rd:3^. 3ScOGa 0>5 I n 0 . 5 P*^#Fil2 
2 0 (JMO. 008xim) k2B^ (Al 0i6 G 
a 0 . B > 0.6 I n,. 6 PWl2 2 1 (flWO. 005 
jum) kS:^fi»T#Fii2 2 0-tVN'y j fl2 2 lSrfi^ 
t?ct3tC^$^o ZIX. mi^'^HS2 0 4 
II. n-fl?77 KJf2 0 3ffl!I*^^Wra« (Jf 
JfO. 0 15jum. K-^°yhS i . df-ry-\iiJK7x 
10 17 cm" 3 ) tTMWPMm (J1J¥0. 0 2jum) 
k^^§^. %2%iiA h'i!2 0 6{i. ?8 

ttl 2 0 5 (I^^Wt^M (^J50 . 02Mm) 

bwmmmmmo. 015^. H-^hz 

n. dfA-y^1gJSlXl0 13 cm-3) k*j£S3-£fc. 
[0078] JJEM O C V D J££*<^JKE&K ( 
^iSJS) {±5 0 0°C~7 0 0'Ct'S)0. rfLl^iOm 
1 >f HI 2 0 2##>f HI 2 0 6 Ttt^tfi 

[00 7 9] EP*>. *lJ(Mf>f KJi2 0 4Hn-!Sl? 
7-yK*2 0 3il*^^Wa«M2 3 0 (JfifO. 
Oljum) k^ft4>^jllS^231 (J1JS0. 01 
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5um) k?FmHteHm2 3 2 (mmO. 0 1/zm) 
kizftirtll. JfS2#j5f>f FJS2 0 6fip-SS2 

? 7 -y HI 2 0 7 Hfr&^ttiHllrigiti 2 4 0 ( J1J? 
0. 0 lwm) i^M!ft+|BiaK««2 4 1 (HJSO. 

o 1 5 jbt m ) t T-mmm^tmm-mm 2 4 2 ( jb 

J?0. 0 1 Aim) fcfc4hWl4. ftoT. 

[0080]&k:. p-JB2^5-xHJI207&V^-v 
■y7°J12 0 8£x-y?-y^U p-f&2?7yh'Jf 2 0 
7W¥ii&Og|LJ?£A<0. 3^mfc^SJ;5t;x.y^ 
y^$r<fjh$-yrT@5//mC0'J -y^h y-( ?2 0 92: 

[0 081] «WC. MOCVD&tCcfcO'J yxXh^ 
-f T 2 0 9 *5Pf *H!!£SftStr <fc dtn-GaAsHil 
ftKt&Wf 2 1 0 (JfJ?l . 2jum) 

[0082] J&PrJl&lXg^ 0 1 <7)^hffi_btC 

#^pim2 1 2&t/ns«®2i i zwm-h. Z 
oowmtu fts»<o3ea}«ffl«ossiB<iR»** 5 0 
[0083] zcr>£oizLx®t>ti$>*mimm2<r>¥ 

JB 2 0 4 2 K JB 2 0 6 *>*ffl:8NBa**T# 

F^2 2OcO^S)J^1i < J:0±#<. Ay-^Jf 2 2 1 

mm&^A^<m££ivx\^h. hrk. a i 

¥*ifl:JI<DA 1 ^ B B B Jtfc«*JWiitMOM^$>Sc7) 
T\ mifttfJ FJl2 0 4M>'®2ft#-r VJB2 0 64) 
A 1 &ftit ( x= 0 . 3 ) ££S4^#FvS141 2 0 5 
Oi^#FJI2 2 0(0A 1 SflJt ( x= 0 ) J: 
<,^'J^*JB221OAlfifl^fc(x=0. 5)i9* 
3 < 8*56*4. £ file J 0. KJBtf^ftafc&niS 
«4>A 1 ^&£Jtl»JvS<KS^4C:2:#-C# 4. 

0 -Jlfflatt 4 i . «tt#fl#>l*it(c $ ^ C3» 

ft#*4. 

[ o o 8 4 ] § h . ^«jsawfi«3&» <bYgtti^* 

fcESMfci**- i 0 -JWESW4 z b tfX'Z 4 <r>X\ yfma 

%>ym.<nmmm<Lxi>, nn.*n^nmmnim 
tpbts&t»*<ttvmi&imtth z t #-e# 4 . ft 

vS14®^®ffiaA^R?tic-tS Z fc 40T. » 

[0085]$^>{:. -fb^J*#*Jl^SSiJ^fIt J3#r 
*t«HRfcRitW«ljlfiRfe:*4<0T'. 3UH Ym±ft 

(DmttmtmKz^xmmtjtebtfmMi. mmwsi 

OC6«*H4it*«r*4. 
[0086] ^iTOK2«3^*W-1f*?fcH L-T 
nSS®2 1 1 b pM€®2 1 2fc<3lBl=WEfr|6]*E£ 



Gflnil,fc*£. SSfgfeSO. 65/im, I9fimgii3 0m 
A. mc5-3tai^#t±<7)Xo-7°}^0 . 6W/A&V 

3 5mA. »ff«E2VC**4. ^ftttfLT. ft/M 
H JBeO^Blfc^ttttS aSJn L o fc*£fcU3WWflE 
#2. 3VfcJt*U %tiA h*JB<0£«£*ttft«:Sain 
Us*£fc<i. IM«Ett2VT > ft4*Wt><r«IMf'f 
h'«*^«ttJl^^*E^fetJ[{cJ: OlWWaitfS 0 m 

a 4 -cm**- 4 . c *> j; d e , 2 xnm-m, 

E£«r 4 fc gfcSMHKSttfcKJ: 48rtt#fc*l*jL 
-tiZbtfTZi. 

[0087] ( mtmm 3 > *$t&BJB 3 -m . ae^sr-f 

h'JicO^!t»l^iigco«»^5:^- y -^JB^RMffli 

1 9 *^#FJB<0«WflMiiO«>*S 

Wii 0 < LfcOTfcr-p^T»Bltf4 . 

[0088] zcD^mwu-^mTiz&^x . ^m^u 
-^m^nffimm 5 iz^uzmmm 2 1 mmx-$> 
4. 

[0 089] -5-LTs *mffl1&3"Ct>mfflm2 b ft 
«t » *£flJ*£+<3SRJWEte J: 0 S 1 %JJ4 YM2QA 

R.vn2i/t#4 VM2 o bxmm&smfrb^mi 

[0 0 90] IP*.. »13b!f-f KJB2 0 4lin-»l? 
? v HJB2 0 3fl0^7ffi«rifiaDf9W2 5 0 (JBJf 0 . 

oijum) &fmwmssffi&25\ (mmo. 01 

5*tm> k^*E1WteJHi«2 52 (JiJ¥0. 01/zm) 
fcfcihMl4. %2%iiA FJB2 0 6J±p-»2 

HJi 2 0 7 flJ^ 4>^AaHlHiU( 2 6 0 ( JBjp: 
0. OlMm) k^«1!j«tiBR«a«W2 6 1 (JBJfO. 
0 1 5»m) k?mmS&^W&W&2 6 2 (JB 
JfO. 01/xm) fcC4h6*.4. ^cOio(C^«s®c7) 
ISJWcS+^&JBait J: oT^^&nlSiii:^^^ 

mtmm® t ^mm^mm t < mmru 

-feXT«$il4, 

[0091] zzx\ *mmm 3va.mi %tu y 

M 2 0 4 W^feHt&DflijS 2 5 0 BO/M 2 %#4 YM2 

o 6 <mmmmmk 2 6 0 <n a 1 ii B B B it Sr 0 . 2 x<4 

0 . 3 t L , m&T#P'%m 2 0 5 (7)4T#FJ1 2 

2 0<DAl^it (x = 0) i"5*S<, A«J-VJB22 
10AlfiftJ±(x = 0. 5) «t'5/h?<SSt4. o 
40. H7l2^L^ia^l^'W HJH2 0 4W^*B 
«9ffi2mfaW2 5 0&tf3B23foir-f HJI2 0 6<VF*eft» 
SaMHS2 6 0O«»ta&*^#F«2 2 Oe^MlflNB 
J:0±#<. Ay*JB2 2 1«)»flflr«J:i3*$<K5£ 
i-4 . * 1 3b5fW KJB 2 0 4 cD^!fiii#iHIjS2 
5 2M/m2ifctH HJB2 0 6c7)^6fe#^^2 6 2 
*)Alfifllfc(x = 0. 5) *4»13K^HJB204<0 
^4».SD^2 5 0St«ff 2*/r-f HJ12 0 6cO^ 
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tt»aillffi«2 6 0tf)A l&fhtt (x=0. 2X(S0. 
3) iOfc*S<lftS^6. mi^Ltzio 

\z% 1 ?w Hit 2 o 4 <rs*mm?w& 252 at/as 

25W KJf 2 0 bffSWmt&W&2 6 

£Jg 1 3fc#-f FJf 2 0 4 <Z>*H«J8HinfR« 2 5 O&tfSI 

2 ##4 FJB 2 0 S<FPTMW$ffi&2 6 OiO^iJ^l 

^»Jd^oa l £Att££itigJB2 i 0 1> $ 

$ < west h ztffvzh. tr>x* ^mmmm* 
^is^m^^mmmmtmm2 ± o *>£ t>izmi 
i-zzt tfz*$ . m%w>&±£2 *> fc^a** 1 * I. . 
[ o o 9 2 3 z 4-&< t LTOGft%finfttt2 5 

0. 260 tftflfflMjWt^F* 220 OSfi&j^lIJ: 

*lt <,vWf i < . ffi»HMSS2 5 1. 2 6 1 C7) 

252. 2 6 2fcHt*iW#Bfc:LTfcJ:<. 08(3j* 
~T i -3 fc^»8HllHI«2 5 0. 2 6 0 t |i) isffifflffil 

[0093]fl5i. JJEHH3BJR2&tf 3T*USA 1 G 
a I nPifitffiTliA 1 GaAsjRtf^ft^T^MSl 

mw^mm?&m®tz> z t &*mzwa 

[0094] ( mtmBA ) *mmBA x-imstn 
*- m?fc*Rmmm itMz^xmw-t& . 
[0095] m9immmA<vmftu-?m?coM 

[0096] zntmttHs—rami. ^yr^rmm 

30 l±t:GaNA'.y7rJf 302S.yn-GaN^l 
?57 K1303, /y b--rJiS-*T#F (SQW: 
Single Quantum We l l ) vSUJl 3 0 
5. Al 0 . ! Ga 0 . 8 N^2?77KI3055i;p-G 
aN3y*7h*3 0 6*qWWKac3*l"Oi4. n-fiS 
1?7 7KI3 0 3. }Sffll304. S2?77f ; l3 
0 5&l>'n>":??hJf 3 0 6ten-g|l ?yy b'Jf 30 
3*-n%&mttz*+}rXYy4T3 1 3fc»jjt$*iT 
US. *LT, n-»1^5-yb'*3 0 3^)Jtai»±t 
<±n®WB3 2 0jWBS3*U h«3 0 6±tc 

<i P 3 2 1 JiT V \h . 

[0097] Z<n*&m'- J f*FHt. Mttt JJITOJ 

[0098] t7r-f7iK3 0 1iCMOCV 
DffiCi>)GaNAy7ri302 {JBffO. 05;u 
m) . n-GaNHl?7>yh'1303 (Uf3/zm. 
h'-VN'yhSi. df+U^r««5xl 0 18 cm-3) . J 
V K-Tfc-HLFttFiSttJi 304. Al u Ga 0J N 
12^77 F«3 0 5&tfp-GaNriy*?Hi3 0 



6 (JBffO. 2/znu H-A>hMg. 3^ 'J^iS^ 
xl0 17 cm-3) 

[ 0 0 9 9 ] £ ZX\ #-*?#F*SttJ13 0 5<i. #. 
I^Ga,, 2 1 n 0 . 8 P4^#FJl (/UP0. 0 0 3/z 
m) SrjSSS-frfc. -tLT. S52 7 7 v KB 3 0 5fi. 
v£ttM3 0 4<Ifrl>7ttft#ffi2lDJI (J1JJ0 . 03u 
m) fcTOMftg&hM (JBJS0. 0 7/xm. H-^VhM 
g. ^y+iftKSXlO'Tcni-s) fc 

[0100] JJEMOCVDj£g*<03!iKIEjSS 

Ji9 0 0x;~l 100°C-CS>0. ZiilzX*) 
W.2 ? y ••/ YM 3 0 5 fJ±^«ft«aillJi*»fe3pteiWPiS 

jDi^F*6«;i*#jg^ o . vgtt^ 3 0 4 m>&m 

tl^«3 1 0 (/ISO. 0 1 jum) b^mn^m 

1 1 (jbjso. 04^m> t^miwmMm 

12(i»0. 0 5jum) i:tC«>Wl*. ft->T. ^ 

tm^mmmmmt ^mt&mm mm&< mm 
[oioi] -eom. mmtzpwftni's'Z 

m® l LXVym-v1~y7'l,ZX<0?n)-ZhyJ73l3 
JML. n-Hl?77b'!303 cr>m#,M±.RVa 
y^;M3 0 6±(2#-<? nM«ffi3 2 O&tfpSlffi 

3 2i*jgjati-*. 

[0 102] iWiatLtfti?>fi.S*3dt?BJB4<^fe 
3t^3j— K«Tl±, ^fflkft'Mmm 1 0*ipS^5 
v HWMfciiytfeitTV^. Pl«l^'nl^ 
ft J: 0 tjfiftflaw** WZ\ pWfys K«ffl<^ 
»(Mg) ^gttl^c7)ffii5[^/R$!|%#^^T'$i|P 

hzttfz-^h. zhiz^ znm^. pwvyvvmm 
%\s\hz 1 1$X"% h <dx\ mtm^x'h ik\*i WjH 
[0103] imwemAamtyA h*fi=»u 

X nM«®3 2 0 1 P ffi«®3 2 1 1 0^tCJHI*f6j«JE 
*9KlllLfc«^, ^&^0. 45wm, I»mst5 0 
mA.|^tff4. 5V36*f»ftflfe. L*>«> . 3I«4><0 

^2 ^ 5 -x Ymt^&ftmwTMmmzwmz'Z t 
<r>x\ m^W&nwtmtethzttfX'th. zmz 
ftLT. %29y-/ YmimizTMmmu itzmsiz 
t±. mftnm&A. 5vx-hhtK a€*t#tt^b& { 

■f h Z k =Sr < Rf?±-t 4 i b h . 

[ 0 1 0 4 ] *HJBBJISfc^Lfc I n G a 
mii. A 1 GaAs&*ffi^A 1 Ga I n P^*f^«0 
J&&SS6 0 0^—7 0 O'CKJt^TMat* 4 1 0 0 

0 °C ± 1 0 0 °C b SV ^fc»fc^>6 ftS£»<7)JK-&V 
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[0105] (3gj0BJB5) *3Q»BB5Ttt, P S? 

[ 0 1 0 6 ] m 1 0U3SBB»5tf)¥*flcl/— r^^FO 

[0107] Z<D¥m#U-*fm^li. -9-7 
4 0 1±(lGaNA' 7 7rl4 0 2WGaN^l ?7 
•y FJB4 0 3, y> K-7-#-ftT#FiStt*4 0 4 . 
A l 0 . 2 Ga 0 . 8 N3f52;7 7-y KJB4 0 5Xtfp-GaN 
3>^?hJf4 0 6^/l^j£$;ft-O^. n-mi^ 
7>y F/1403, vSttil404. ^2^77 K/1405 

y?9 M4 0 6JiH 1 9 7 -v h'/14 0 3 
BajStfjfc*-9-*h5>f7'4 1 3»££*rC^.S>. * 
LT. SB 1 7 y -v HJB4 0 3 <0»iliS±fcU; ngm@4 
2 0A«$ii. 3y??M4 0 6il:li:pIlli4 
2 li)Wf&ZtiX^&. 

[0108] zn*m#]s—rm=Ht* mtaaTnz 

[0 109] t-T. t7r^ 72^40 l±CMOCV 
DffiCJ:DGaNA.y7rl4 0 2 (AIJPO . 0 5;u 
m). GaNIl?77Hfi403, yyh'-7"#-* 
^F#FSttS4 0 4. Al 0 . 2 Ga 0 . 8 NfiS2?7-y KB 
40 5mfp-GaNz}y??hm406 (JB/PO . 2 

[oiio] m-ft?#FvStt«4 o 5ti. 

lOGa,., I n 0 . 8 PS^#F« (*»0. 0 0 3^ 
m) *LT. »1^5vK*4 0 3Ji, 

JStW4 0 4ffll*»^^«^aSJllB (««0. 0 3;u 
m) i:^WM (JBJP2 . 9 7//rru b'-^VhS 

i , ^-v 1 0 18 cm-3) 

fU, ffS2?5v F*4 0 5Ji. SttJf404fflto»fc 

*M^«?sM («J¥0. 0 5/iin) h^«&nJf 

(JBJSO. 05^m, H-A-y^Mg, *-v'J-\*»!t5 

[0111] JJEMOC VDj&ft+<ojRBEBSftK (ISA 
££&A) (±9 0 0"O-l 1 0 0 . C*U3 J; 0 

* 1 * 5 * KB 4 0 3Tli^«ft8Si^*»4»^«»^ 
M^^»£h*#&^ 0 % o 4ffl*»S>*tt 

MKHi$4 1 0 (JSJ90. 0 1 Aim) tiFffltoQIBM 
J»W«4 11 <B£0. 0 2 Aim) t^«!f^Mtifi4 

12(BW2. 9 7jum) fcfc4h&»fi.*. »2? 

7 -y hji4 o 5-e«T«ftasjiis*»6T«!ii^HiaioJH^ 

®feS4 1 3 (J1/S0. 02^m) ii^W^fflgM^ 
4 14 (BVO. 0 4jum) tWMDi«4 1 5 
(BB-0. 0 4^m) ffiiT. ¥S*Ji 



[0 112] X7f^ff-5TI1?77H 

B4 0 6±fc#* nSm®4 2 0&tf pM«®4 2 1 * 

[oii3] znx o ^mmmm^ty^ *- 

KSfrPCfcL TOtt40HHlIlB<?>BJ?& pI?7 7 b'Jfffll 
TOT***)?. ffiS&f^Efciim^^^tR&iLS- 

[oii4] xmtmm 5 emty* *- Him;** l 

X nMH®4 2 0 i: P M«ffi4 2 1 k ^Zim^lMK 
*3ttULfc*£\ »3t»«0. 4 5*nu ttfttt»5 0 
mA, IWfttjEE4. 5V*«f»6*ufc. 
[0 1 1 5 ] *«BHt4JJEH*t«flBWIRSSii* 

fttfc*Wf«) -^S-JlOSJf^A 1 if tB B H Jt, HwfyM 
[oii6]ffl:^-cil mocvds^ps^ 

■T. MBE (jffljlt^y-) ft, LP E (jftfix 
b^drv— ) ft s MOMBES, ALE (Sffxt^ 

^jS«iftKi«itt«<ojfi^ittKKJfc^-Cft5 o°c~2 o 
o°cgjgffi<LT^j;v\ 

[0 1 1 7 ] J^L/SfeWKOffiOttl^S'fflv^ 
[0 118] 

^ 7 y H«xtt3exr-f HJHtKJt^nfc^wflFft 

[0119] *^c0fl^JS4tcJ: i.^(c{±. ±WPf 

m^mmmmzx o . m^z^mmmm^ 
nms'j?m®izTM®mm-z><?>m^x\ m^m 

[0120] mz. *m0m&R5tzx tm&Mt^ 
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muz x~>xh mmm^it Lxw&£\wk t^^co 
4. 

[0121] *&w<?>m%m 6 nzxh^ 

! l zm&^w&%.z&*?xfc?>®!®fcm.fctz> zbiz 
±9, mftn&twjizimtztmz. ^mmtm 
mizmz** v zmgitm 
mzwm-t&zbtfxzh. 
[0122] ^mm^sizx^m^za. ±fa^F 

t\mmz&tfttmiico** vrmmcoi/svxnzt 
h z t izx o . m^co&'&m^^^MijM^Mz 
vmth^kftx'th. 

[0123] *m\<mim9\,zkh%}%i l z\ l ^ ±mr- 

MftftiWIWt*)* 3 n mfeLL 1 0 n mlUTt^ 4 Z 

tizx'o. w&£\tttmzm\-t 4 t xizmms. & 
3miz&m-z>zbtfX'*&. 

[0124] 1 0 \,zXh^Z\i. ±IH 

FMMlzmi- 4 z b X 0 . *PiftH-£*8fc tX 
iSt<7)#® y )£\<>]±.Z-$&z. 4. 

[0125] *mvmm 1 1 kj:4*&w±, ±ib 
;ra«iMfeWB«*> a h . p a ? ? -y mxa P >r 

[0126] ^B^HSII 1 2fci4*&cii. ±i£ 
3RMft't'iafiMEffl««0JI»*' 3 n mU± 1 0 nra^Tl: 

ts&tbz. biz**). m*iz*mnffii}Kmfrt>TW 
m;&mmz^nmwm-2><7>£imizM\ vc*^ 

[0127] *H^<Oil«JB 1 3fci4«£fcU;. ±12 
vS1il#££*^#Fl#^ft4*§-£. ifrfc<fcfcJJE 

zzbizx*), a i awts/hs < Lxwrnrnwim 

4. i<?)*^\ Tft»#^#o**£S<R5t*"*£ 
**C#4. 

[0128] *WMm&B. 1 4 Cili%ndl ^ 

i>h* <-T4; bizx *) , ^M«Jram^A l £jut 
£ J: 0 -JB'JvS <-ttzb #T# 4o-C. *F*H»Htt 

* $ &i=itj±a#6 - k 4 . 



[0129] *»^OH!*« 1 5 fc± 4*£fctt. #t 

^«feaJj* J iia; O^V^A 1 Ga I n P^WftXii I n 

[0130] ^mncomsm 1 6 fc± 

x\ ymmmmm^mii^mMmb^msm-- 
mm mm&<tm&mrv±*vmi-h z b 

[0131] mpmm$&\ 7 KJ;4«£Cli. ±fB 

-g>ik(;j; 0. 3F«!ft«iHSWoJ¥*SrM»tt J: < ft™ 
amn-iz-t&zbificZi. iot. ^TSU-tcM^l) 

[HI ] IIJJ^l^iNI^-f^Pwai^^tBr 

WMX'foZ. 

[02 ] nii^ffi i <n*mm'— rmTizMf&mvm 

[03] ||JS3BJBl^)*»ttEWlf»^fc:iJJt49523e 

[04 1 ^ss^® i nzmwv— m^izmf&m i * 
*m Ym^mummm^^ ormmbm^mKb 
(mm^y^yx-hh. 

[05 ] HjBB»2<o4 s »»w ; fSiV)ftJ££^11fiT 
ffi0-C$>4„ 

[06 ] HJBBJB2W^ftP- ; fSFFfcfcJtiiStt* 

sees w ^ y k r-f ^ 5 a * mxh 4 . 
[07 ] mtmm3<o^mwv— m^za^^'m 
&m<w < y h- r ^ - v'/ 7 a £ svr 0-c'S) 4 . 

[08 ] HtBB)B3<0flB<VNi*U— ysiH'te^ttiiS 
F ^ ^ 5 A £ 5jrr0T'& 4 . 

[09] m^BB4 <n$tstyA KS^atis**^ 

Biffi0-CS)4o 

[010] HJg^S5^3t^^-K^ ; f' 7 >ffi^S'^ 

[sin fias^wwtw— m^zanh-mm^B 

[ft-^l&BJi] 

101, 201, 30 1. 401 

102, 202. 302. 402 A'>/7ri 
103,203. 303. 403 1 ? 7 •/ h'fl 



(12) 
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104, 


204 3f513WKJf 


150 


, 2 12, 3 2 1. 42 1 pMWM 






10 5, 


205. 304. 404 *?#FiSttJf 


1 5 1 


, 211, 320, 420 nlfS 






106. 


20 6 3?23WKJf 


1 2 0 


,220 m=f-m*m 






107. 


2 0 7.3 05. 405 SS2*5yKJB 


1 2 1 


,221 m-*m 






108 




130 


, 140, 230. 240. 250. 


260. 


3 


109 




12, 


412. 41 5^immm& 






110, 


208 *r-yy°M 


1 3 1 


. 14 1. 23 1. 24 1 . 25 1. 


26 1, 


3 


UK 


210 «»ttHl;£#>« 


1 1, 


411, 4 i4^mt*mm.m® 






1 1 2 




132 


, 142, 232. 242. 252. 


262, 


3 


1 1 3 




10, 


4io.4i 3^mm'j?mm 






114, 


306, 406 ny?9hm 












[HI] 


[02] 


ime] 








"lO" 10" 10 ,B 10 M 10" 10" 10 18 10 ,s 

<J*mm (cm- J ) **■ 'J-pIB (cm-J) 



(13) 
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